The corrosion inhibition effect of surfactant, N, 
I. Introduction
Mild steel is widely used as a constructional material in many industries due to its excellent mechanical properties and low cost. Mild steel being a material of choice in various industries undergo severe corrosion during acid cleaning, pickling, descaling etc. But its susceptibility to rusting in humid air and high dissolution rate in acidic medium are the major obstacles in its use on a large scale. The use of inhibitors is one of the most practical methods for protection against corrosion in acidic medium. The addition of surfactants to acidic media is an efficient and quite cheap method for corrosion inhibition of metal surfaces. Surfactants were used for electroplating venture because of the various beneficial effects. Surfactants have many advantages, for example, high inhibition efficiency, low price, low toxicity and easy production. An increase in inhibitory action was observed when the concentration of the surfactant in the corrosive solution approaches the critical micelle concentration (CMC). Above this value, there was no further increase in the efficiency that remains constant for further increase in surfactant concentration. In the absence of a charged head group, the driving force of micellization is the hydrophobic force and van der Waals attractions. However, very little work has yet been reported on cationic surfactants as inhibitors for mild steel corrosion in acidic medium. Bereket et al [1] investigated the inhibition of corrosion on low carbon steel using quaternary ammonium compounds and surfactant, cetyl trimethyl ammonium bromide. El Maghraby et al [2] studied the inhibitor behavior of cetyl trimethyl ammonium bromide for mild steel corrosion in 1M HCl and 2M HCl. Vasudevan et al [3] studied the influence of n-Hexadecyl pyridinium chloride on the corrosion of mild steel in 5N HCl and 5N H 2 SO 4 .
The present study aimed to investigate the efficiency of new surfactant DPDAB as a corrosion inhibitor for mild steel in acidic medium. An attempt was also made to clarify the effects of concentration and temperature on the inhibition efficiency (%I) of studied inhibitor.
II. Experimental

Chemicals and materials
Hydrochloric acid (37 %), ethyl alcohol and acetone were purchased from SLR chemical company. N,N-Dimethyl-N-(2-Phenoxyethyl)dodecan-1-aminiumbromide(DPDAB) was purchased from sigma Aldrich Chemical Company. Bidistilled water was used for preparing test solutions for all measurements .The corrosion tests were performed on carbon steel with composition (weight %): C: 0.223, Mn: 0.505, P: 0.077, Si: 0.164 and Fe: 98.7.
Methods 2.2.1 Weight loss measurement
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The specimen were cut into rectangular shape with an exposed area of 2cm x 1cm and were mechanically polished with various grades of emery paper(0/0, 2/0, 4/0 and 6/0) and then cleaned with ethanol and acetone followed by cleaning with double distilled water and finally dried. The specimens were weighed by using electronic digital balance (Uni Bloc AUY220 series) and finally suspended in a beaker containing 100ml of acid solution with and without inhibitor. The beakers were kept in a thermostat. After the specified time of immersion (3h), the specimens were removed, washed in distilled water, dried, placed in desiccators to attain room temperature and weighed. The experiments were carried out in triplicate. The corrosion rate was calculated by the relation ( 
Where w i and w 0 are the weight loss values in the presence and in the absence of inhibitor respectively.
Electrochemical measurements
The electrochemical techniques used to study the corrosion behavior are potentiodynamic polarization and electrochemical impedance spectroscopy (EIS). The electrochemical experiments were carried out in a three electrode cell. Mild steel welded with copper wire and embedded in Teflon holder using epoxy resin with an exposed area 1cm 2 as working electrode, a platinum foil of 1cm 2 was used as counter electrode and the reference electrode was a saturated calomel electrode (SCE) with a luggin capillary, which can be at close proximity to the working electrode to minimize ohmic drop. All potentials are measured with respect to SCE. The polarization and EIS studies were carried out using CHI Electrochemical workstation model 660C series. 
Where i corr 0 and i corr are the corrosion current densities in absence and presence of various concentrations of the inhibitor. The electrochemical impedance measurements were performed at corrosion potential over a frequency range 100 KHz to 0.01Hz with signal amplitude of 10 mV. The impedance data were analyzed and fitted using Zsimpwin software. The percentage corrosion inhibition efficiency was calculated using the relation (4):
Where R ct and R ct 0 are the charge transfer resistance of mild steel with and without inhibitor.
III. Results And Discussion
Weight loss measurements
The values of IE and corrosion rate obtained from weight loss measurements for MS in 0.5M H 2 SO 4 containing different concentrations of DPDAB at different temperatures viz. 298 K, 308K, 318K and 328 K are tabulated in the Table 1 . The variation of % IE with concentrations is depicted in Fig. 1 . From the Fig.1 . it is clear that the IE increases with increase of concentration reaching a maximum value at a higher concentration (10 -2 M) . This suggests that increase in the inhibitor concentration increases the number of molecules adsorbed over the mild steel surface, blocking the active sites by acid attack thereby protecting the metal surface from corrosion. The % IE decreases with increase in temperature from 298 -308K again increase from 308 -318 K and then decreases at 328 K as shown in the Fig. 2. 
Potentidynamic (Tafel) polarization measurement
The cathodic and anodic polarization measurements for mild steel in stirred 0.5M H 2 SO 4 containing different concentrations of DPDAB and at different temperatures (298 K -328K) were carried out and Tafel plots were constructed. Fig. 3 shows the Tafel plots for mild steel in the absence and presence of different
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www.iosrjournals.org 3 | Page concentration of DPDAB and at different temperatures in stirred 0.5M H 2 SO 4 solution. From the Fig. 3 . It is clearly seen that DPDAB shifted both the anodic and cathodic polarization curves to lower values of current density indicating the inhibition of both hydrogen evolution and mild steel dissolution reactions. Further the shift in the E corr values is < 85mV suggest that the studied inhibitors act as mixed type inhibitor with predominantly of anodic type. The polarization parameters are given in the Table 2 . From the Table 2 it is clear that the the values of corrosion current density decreased significantly with increase in the concentration of DPDAB. Corrosion potential values shifted towards more noble direction with increase in the concentration of DPDAB. The percentage inhibition efficiency increased with increase in the concentration of inhibitors from 96.7% to 99.1% for DPDAB.The inhibition effect of the surfactants mainly depends upon the critical micelle concentration (CMC). CMC is a key factor in determining the effectiveness of surfactants as corrosion inhibitors. According to Free [4] , CMC can be determined by plotting 1/i corr against surfactant concentration. From the Fig.4 the value of CMC for DPDAB is found to be approximately 10 -3 M. From the Fig. 1 it is evident that above the CMC, increasing surfactant concentration leads to the gradual formation of multilayers that further reduces the rate of corrosion thereby increasing the percentage corrosion inhibition efficiency .
However, concentration changes above CMC lead to smaller changes in inhibition, since the changes above the CMC result only in additional coverage beyond the monolayer level, which is already sufficient for significant inhibition. This situation is analogous to adding a second coating of paint to protect a surface that is already protected by an initial coating. It is likely that additional surface coverage in the form of multilayer that results at surfactant concentrations above the CMC are responsible for the additional increase in corrosion inhibition above the CMC. The reason for this explanation is simple. At coverages of one monolayer or less, surfactant molecules can inhibit either the cathodic or anodic reaction by occupying reactive sites, or by simply providing resistance to the supply of oxidant or the transport of reaction products. Once the surface is filled with surfactant molecules and additional molecules form multiple layer structures, the added surfactant molecules no longer have direct access to the surface. Consequently, the additional molecules that adsorb at concentrations above the CMC must inhibit corrosion by offering additional resistance to the transport of necessary elements rather than by occupying reactive sites directly. The higher corrosion inhibition efficiency in DPDAB is attributed to the presence of both delocalized π-electrons and lone pair of electrons on nitrogen atom followed by the synergistic effect of Br -ions. From the Table 2 it is evident that the corrosion inhibition efficiency decreases from increasing the temperature from 298 K -308 K and then increases and shows maxima at 318K and then decreases at 328 K [ Fig. 2 ] this is indicative of the fact that the DPDAB undergoes change in orientation of phenyl ring as the temperature increases. At 318 K, they may be in the same plane, therefore enhancing the adsorption on the metal surface. This change in orientation of phenyl ring is not possible beyond a certain temperature because of the shorter time lag between adsorption -desorption processes [5] . From the Table 2 it is clear that DPDAB is a very efficient inhibitor at all studied temperature especially at higher concentrations.
Electrochemical impedance spectroscopy:
Electrochemical impedance measurements were conducted for mild steel in 0.5M H 2 SO 4 as well as acid containing different concentration of inhibitors DPDAB at 25 o C. The impedance data was analyzed using the circuit shown in the Fig. 5 . The fitted data follows almost the same pattern as the experimental results with R(Q(R(QR)) equivalent circuit using the Zsimpwin software. Fig. 6 shows the Nyquist and Bode plots for mild steel in 0.5M H 2 SO 4 and 0.5M H 2 SO 4 containing different concentration of DPDAB. Table 3 can be regarded to be approximation to the values of the adsorption capacitance and double layer capacitance respectively) has decreasing trend for the adsorption of the inhibitors on the metal surface, suggesting the inhibitor molecules displace water molecules originally adsorbed on the metal surface. The R ct value increases with increase in concentration thereby increasing the % IE with increase in concentration of the inhibitor. The C dl related to Y dl decreases with the increase in DPDAB concentration. The decrease in C dl values may be due to the decrease in local dielectric constant and or increase in the thickness of the double layer. The Values of n a associated with (CPE) a for the inhibitor was found to be 1 which indicates a near capacitive behavior of the surface film formed on the Mild steel sample. The values of n dl related to (CPE) dl are found to be in the range 0.5 to 0.7 for DPDAB indicating the electrode surfaces are partially heterogeneous.
IV. Adsorption Isotherms And Thermodynamic Parameters
Adsorption of surfactants on solid surfaces can modify their hydrophobicity, surface charge and other key properties that govern interfacial processes such as corrosion inhibition [6] . In general, adsorption is governed by a number of forces such as covalent bonding, electrostatic attraction, hydrogen bonding and nonpolar interactions between the adsorbed species, lateral associative interaction, solvation and desolvation [7] .
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The total adsorption is usually the cumulative result of some or all of the above forces. Several adsorption isotherms were assessed and the Langmuir adsorption isotherm was found to be the best description of the adsorption behavior of the surfactant under investigation in the acidic medium. Fig. 7 shows a plot of C/θ against C. The slope of the straight line is nearly or equal to unity.
Thus it can be concluded that DPDAB adsorbed at the steel surface following Langmuir isotherm model without interaction between the adsorbed molecules. Table 4 Table 4 . ΔH o ads is negative which indicates the adsorption of inhibitor molecules on mild steel surface is an exothermic process. The positive sign of ΔS o ads , means that the process is accompanied by an increase in entropy, which is the driving force for the adsorption of inhibitor onto the mild steel surface [8] .
V. Effect Of Inhibitors On The Activation Parameters Of Corrosion Process
In order to obtain more details on the corrosion process, activation kinetic parameters such as energy of activation (E a ), enthalpy of activation (ΔH ≠ ) and entropy of activation (ΔS ≠ ) are evaluated using Arrhenius equation and the Transition state equation [9] . Fig.9 shows Arrhenius plots for mild steel in 0.5M H 2 SO 4 with different concentrations of DPDAB. The activation energies are estimated from the slopes (-E a /R). The transition state plot of the corrosion Current density for mild steel in 0.5M H 2 SO 4 with different concentrations of DPDAB is shown in Fig. 10 , these permit the calculation of (ΔH ≠ ) and (ΔS ≠ ), from slopes (-ΔH ≠ /2.303R) and intercepts [log R/Nh + ΔS ≠ /2.303R] respectively. The activation parameters for surfactant are tabulated in the Table 5 . The activation energies in the presence of different concentrations of surfactant in 0.5M H 2 SO 4 is higher than that in the absence of inhibitors. The decrease of inhibition efficiencies with increasing temperature and the increase in E a in the presence of the inhibitors indicates that the adsorption may be physical adsorption in 0.5M H 2 SO 4 . The positive sign of the enthalpies of activation reflect the endothermic nature of dissolution process of steel in acidic medium. Large and negative value of entropies of activation imply that the activated complex in the rate determining step represents an association rather than a dissociation step, means that a decrease in disordering takes place on going from reactants to the activated complex [10] . 6. Scanning electron microscopic studies: Fig.11a shows the surface morphology of the polished mild steel surface before immersion in 0.5M H 2 SO 4 . SEM photographs after specimen immersion in 0.5M H 2 SO 4 for 3h in the absence and presence of an optimum concentration of DPDAB are shown in the Fig. 11 b & c. It could be seen from the Fig. 11b that the specimen surface is strongly damaged and faceting seen as a result of pits formed due to the exposure of mild steel to the acid in the absence of the inhibitor. From the Fig. 11c it could be seen that in the presence of inhibitor, the faceting disappeared and the surface was free from pits and it was smooth. This reveals that there is a good protective film adsorbed on specimen surface, which was responsible for inhibition of corrosion.
VI. Mechanism
Mechanism of corrosion inhibition is complex and depends on the formation of mono-or multidimensional protective layers on the metal surface. The protective nature of the surface layers depends on the factors: interaction between inhibitors and substrate, incorporation of the inhibitor in the surface layer, chemical reactions, electrode potentials, concentration of the inhibitors, temperature and properties of the corresponding surface, etc. The first stage in the mechanism of the surfactants as corrosion inhibitors in aggressive media is adsorption of the surfactant molecules onto the metal surface. The adsorption process is influenced by the nature and the surface charge of the metal, the chemical structure of the surfactant, and the nature of the aggressive electrolyte. Adsorption of the surfactant molecules occurs because the interaction energy between the surfactant molecules and the metal surface is higher than that between water molecules and the metal surface. So the inhibition effect by surfactants is attributed to the adsorption of the surfactant molecules via their functional groups onto the metal surface. The adsorption rate is usually very rapid and hence the reactive metal is shielded from the aggressive environment. Corrosion inhibition depends on the adsorption ability of the surfactant molecules on the corroding surface, which is directly related to the capacity of the surfactant to aggregate to form micelles. The critical micelle concentration (CMC) is a key factor in determining the effectiveness of a corrosion inhibitor. Below CMC, the molecules tend to aggregate at the interface, and this interfacial aggregation reduces the surface tension. Above CMC the metal surface is covered with multilayers. This, consequently, does not alter the corrosion rate.
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VII. Conclusion
 Surfactants are proved to be one of the best eco-friendly anti-corrosion substances to protect the materials from corrosion. The high affinity of surfactant molecules to adsorb onto interfaces to form micelles is responsible for their applications in several interfacial systems making them very attractive to be used as corrosion inhibitors for metallic surfaces.  Anti corrosion property of different types of surfactants can be potentially used in the industry as good option to solve the problems of corrosion of metallic surfaces to prevent the material and economic loss.  Potentiodynamic polarization curves reveal that the inhibitor act as mixed type inhibitor.  Electrochemical impedance spectroscopy results showed that the corrosion inhibition of mild steel occurs mainly by charge transfer.  Generally, values of ΔG o ads around -20kJ/mol or lower are consistent with the electrostatic interaction between charged molecules and the charged metal surface (Physisorption); those around -40kJ/mol or higher involve charge sharing or transfer from organic molecules to the metal surface to form a coordinate type of metal bond (Chemisorption). In the present work, the calculated ΔG 
